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[57] ABSTRACT 

In an air conditioner having at least an indoor unit 9 and an 
outdoor unit 11 through which a coolant flows, a saturation 
temperature of the coolant at 50° C. is not less than 2500 
kPa, and the indoor heat exchanger in the indoor unit 
satisfies a relationship of HixLi/(Di 3 xNi 2 )^150 and the 
outdoor heat exchanger in the outdoor unit satisfies a rela- 
tionship of HoxLo/(Do 3 xNo 2 )^ 60. 

14 Claims, 6 Drawing Sheets 
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1 2 

AIR CONDITIONER When Lm=IVN, Lis the total length of the heat exchanger 

tube, the following relationship is obtained: 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 



APocAf-Cl/pWD 5 -/^) (2). 



THe present invention relates to an a* conditioner having ^ ^ (1) and (2) descfibed above show appar . 

an indoor heat exchanger and an outdoor heat exchanger of ^ ^ ^ heat tfansfer a becomes but 

a smaU-sized type without decreasing the performance or ^ pressure losg A p a]so be0MMS g|Cater when the ^ 

ability of the air conditioner. etef D of me heat exchanger is shorter the number 

2. Description of the Prior Art 10 0 f the paths is smaller. 

In general, an indoor unit in an air conditioner has an We define a total performance index or a combined 

indoor heat exchanger and an outdoor unit in it has an performance Index for evaluating the combined perfor- 

outdoor heat exchanger. mance of a heat exchanger as follows: 

As shown in FIG. 1A, the heat exchanger comprises a 

plurality of fins 101 and a heat exchanger tube 103 which is 15 /=(a/y pya (3), 
located through the plurality of fins 101. In this case, the heat 

exchanger tube 103 has a one path configuration. where P is an average pressure in the heat exchanger and (A 

Now, we explain about the number of paths of the heat P/P) is a value for directly expressing that the pressure loss 

exchanger tube. As shown in FIG. 1A, a heat exchanger tube A P has an effect on the cycle efficiency of an air conditioner. 

103 of a one path type from the inlet side to the outlet side 20 Accordingly, when the equations (1) and (2) are intro- 

is referred to as "a one path type". As shown in FIG. IB, a duced into the equation (3), we obtain the following rela- 

heat exchanger tube 103 is branched into two paths at the tionship as the circulating amount of the coolant by a 

Met side of it and the branched two paths are grouped to a displacement of M=m*H. 
one heat exchanger tube at the outlet side of it. This type 

configuration is called as "a two path type*'. In addition, as 25 i-{\»i(p>\'F)ym-{H-lJ{&-N l ) (4), 
shown in FIG. 1C, a heat exchanger tube 103 has a one path 

at the inlet side and it is branched into two path at a where m is a circulating amount of a coolant per unit output, 

mid-point and the two path is grouped to a one path at the and H is a rated output (kw) of an cooling operation, 

outlet side of it This type configuration is referred to as "1-2 As a p parent iy by the equation (4) above, in order to 

path type". As shown in FIG. ID, a heat exchanger tube 103 30 decrease me combined performance I as small as possible, 

is branched into two paths at the inlet side and the two paths namely in order t0 - mcitJiSf > the total performance of the heat 

are further branched into three paths at the outlet side of it exchanger, the diameter of the heat exchanger tube must be 

This type configuration is referred to as a "2-3 path type". larger and ^ nxsm \^ T 0 f pat hs is also increased This is 

Thus, there are various path types based on a combination of easily ^(^stood based on the equation (4) above. However, 

the number of branches in a heat exchanger tube. These type 35 when ^ diameter of a heat exchanger tube is larger, the size 

configurations of the heat exchanger tube are examples. of a heat excna nger becomes greater. In addition, the number 

In a heat exchanger, a heat exchanging operation is 0 f paths is increased a coolant cannot flow into each path 

performed between a coolant flowing in the heat exchanger uniformly. For example, a flow amount of a coolant stream 

tube 103 and an air flowing between the fins 101. Important j n t 0 each path is a slightly different to each other, 

factors in order to change the ability of a coolant are a Accordingly, an designer must decrease the diameter D of a 

pressure loss A P and a heat transfer coefficient a. As you heat exchanger tube and the number N of paths during 

know, when the pressure loss A P becomes smaller and the design of an air conditioner. These are important objects of 

heat transfer coefficient a is greater, the efficiency of the heat the designer. 

exchanging operation in the heat exchanger becomes high. ^ F(jr in a conventional small-size indoor air 

By me way, me heat transfer coefficient a is expressed by conditioner using fluorocarbon-based coolant R22 as a 

a relationship between the Nusselt number and the Reynolds coolant, it is generally used that the total length of a heat 

number. Thus, we can obtain the following relationship exchanger tube is approximately 20 meters, an outer diam- 

expression: eter of the heat exchanger tube is approximately 35 mm, and 

a V/b=CU(M/A) DJu)« 50 the heat exchanger tube is a two paths type configuration. It 

is quite rare that a part of a heat exchanger tube is a one path 

where M is a circulating amount of a coolant k is a heat type or three path type. In addition, in an outdoor heat 

transfer coefficient, u is a viscosity coefficient, D is a exchanger, it is generally used that the total length of a heat 

diameter of a heat exchanger tube, A is a cross section area, exchanger tube is about 20 meters, an outer diameter of die 

and C2 is a constant 55 heat exchanger tube is approximately 8 mm and the heat 

When C2=l and N is the number of paths, we obtain the exchanger tube is the two paths type configuration. It is quite 

following relationship: rare case in an outdoor heat exchanger configuration that the 

diameter of the heat exchanger tube is 8 mm or 9.52 mm 
Now, in the equation (4) described above, namely in the 
On the other hand, the pressure loss A P is a function of eo following equation (4): 
a dynamical pressure. Therefore we obtain the following 

relationship: i~w{?.\-P)ym\HV{i?<tf l ) (4), 

A^=C3-(Z«©)p.(M/(p A^, when K ^ used f<ff the component [ H .L/(D 3 .N 2 )], we obtain 
where M is a circulating amount, D is a diameter of a heat 65 the results in the following TABLE- 1 which are calculated 
exchanger tube, A is the cross section area, p is a density of by using actual data items for each of heat exchanger of 

a coolant, and Lm is a length of a flow path. conventional various types. 
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TABLE- 1 



Type of heat 
exchanger 


Rated 
output 
Pew] 


L [mm] 


D[mm] 


N 


K 


indoor small sized 


2.8 


20,000 


635 


2-3 


39.5 


indoor small sized 


2.8 


20,000 


635 


2 


54.6 


indoor small sized 


2.8 


20,000 


6.35 


1-2 


1035 


indoor large sized 


7 


40,000 


635 


3 


91.8 


indoor large sized 


14 


60,000 


8 


5 


65.5 


outdoor small sized 


2.8 


20,000 


9.52 


2 


16.2 


outdoor small sized 


2.8 


20,000 


8 


2 


27.4 


outdoor small sized 


2.8 


20,000 


7 


2 


40.6 


outdoor large sized 


5 


40,000 


9,52 


3 


25.8 


outdoor large sized 


14 


100,000 


9.52 


6 


45.1 



For example, when the entire of a heat exchanger tube in 
a small sized indoor heat exchanger is constructed by a one 
path configuration, k becomes 218.7 which is greater than 
that in each case of the heat exchangers in the table 1. In this 
case, the performance of this small sized heat exchanger 20 
become down or decreased. This is a problem. 

SUMMARY OF THE INVENTION 

In view of the above, it is an object of the present ^ 
invention to provide an air conditioner of a small sized in 
which the number of paths can be decreased and the diam- 
eter of a heat exchanger tube in it can be small without 
decreasing of the performance of an indoor heat exchanger 
and an outdoor heat exchanger incorporated in the air 30 
conditioner. 

In accordance with a preferred embodiment of the present 
invention, there is provided an air conditioner comprising a 
compressor for compressing a coolant an indoor heat 
exchanger, and an outdoor heat exchanger through which the 35 
coolant discharged from the compressor flows, wherein the 
saturation temperature of the coolant at the temperature of 
50° C. is not less man 2500 kPa and the indoor air condi- 
tioner satisfies a relationship of: 

where Hi is a cooling operation rated output (kw), Li is the 
total length (mm) of a heat exchanger tube, Di is the outer 
diameter (mm) of the heat exchanger tube, and Ni is the 
number of paths of the heat exchanger tube. 

In addition, in the condition for the air conditioner 
described above, the heat exchanger tube in the air condi- 
tioner is a one path type configuration; or the cross section 
of the heat exchanger tube is a compressed shaped tube; or 
the outer diameter of the heat exchanger tube is not more 
than 6 mm; or the outer diameter of the heat exchanger tube 
is not more than 4 mm and the number of the paths in the 
heat exchanger tube is not more than 3; or the outer diameter 
of the heat exchanger tube is not more than 4 mm and the 
number of the paths in the heat exchanger tube at the inlet 
side is not more than 2 and at the outlet side is not more than 
4. 

Furthermore, in accordance with another preferred 
embodiment of the present invention, there is provided an air 
conditioner comprising: an outdoor unit including an heat 
exchanger having a relationship HoxLo/(Do 3 xNo 2 )^60, 
where Ho is a cooling operation rated output (lew), Lo is the 
total length (mm) of a heat exchanger tube, Do is the outer 
diameter (mm) of the heat exchanger tube, and No is the 
number of paths of the heat exchanger tube. In this 
condition, the number of the paths of the outdoor heat 
exchanger is a one path configuration; or the outer diameter 



of the heat exchanger tube is not more than 6.5 mm. On the 
other hand, a mixture coolant of the coolant R32 and the 
coolant R125 is used as a coolant, and a synthesis compo- 
sition of the coolant; R32 and the coolant R125 is not less 
than 80 percents; or the composition of the coolant R32 is 
not less that 50 percent. 

Moreover, in accordance with another preferred embodi- 
ment of the present invention, there is provided an air 
conditioner comprising an compressor for compressing a 
coolant, an indoor heat exchanger, and an outdoor heat 
exchanger through which the coolant discharged from the 
compressor flows, wherein the saturation temperature of the 
coolant at 50° C. is not less than 2500 kPa and the indoor air 
conditioner satisfies a relationship of HixLi/(Di 3 xNi 2 ) 
^ 150, where Hi is a cooling operation rated output (kw), LI 
is the total length (mm) of a heat exchanger tube, Di is the 
outer diameter (mm) of the heat exchanger tube, and Ni is 
the number of paths of the heat exchanger tube. In addition, 
the air conditioner described above further comprises an 
outdoor unit including an heat exchanger having a relation- 
ship HoxLo/(Do 3 xNo 2 )^60, where Ho is a cooling opera- 
tion rated output (kw), Lo is the total length (mm) of a heat 
exchanger tube, Do is the outer diameter (mm) of the heat 
exchanger tube, and No is the number of paths of the heat 
exchanger tube. 

When the air conditioner of the preferred embodiment of 
the present invention described above is compared with a 
conventional air conditioner only using a fluorocarbon- 
based coolant R22, a pressure of the coolant of the preferred 
embodiment is 1.62 times at a lower pressure side, 1.35 
times in a density, 1.1 times in a heat transfer coefficient and 
0.86 times in a circulating amount or a circulating flow 
amount. Therefore it can be achieved to decrease a path 
number of a heat exchanger tube and the diameter of the heat 
exchanger tube without decreasing performance and provide 
a small sized air conditioner. These and other objects, 
features, aspects and advantages of the present invention 
will become more apparent from the following detailed 
description of the present invention when taken in conjunc- 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to ID are explanation^ diagrams showing path 
number of a heat exchanger tube in a heat exchanger. 

FIG. 2 is a block diagram showing an entire configuration 
of an air conditioner of a preferred embodiment according to 
the present invention. 
FIG. 3 is a diagram showing a configuration of a heat 
50 exchanger tube of a compressed shape used in the air 
conditioner as shown in FIG. 2. 

FIG. 4 Is a block diagram showing three path configura- 
tion of the heat exchanger tube used in the air conditioner as 
shown in FIG. 2. 
55 FIG. 5 is a block diagram showing a 2-3 path configura- 
tion of the heat exchanger tube used in the air conditioner as 
shown in FIG. 2. 

FIG. 6 is a block diagram showing a one path configu- 
ration of the heat exchanger tube used in the air conditioner 
as shown in FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

65 Hereinafter, an air conditioner as a preferred embodiment 
according to the present invention will be explained with 
reference to FIGS. 2 to 6. 



45 



60 
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In the air conditioner as a preferred embodiment of the 
present invention as shown in FIG. 2, a reference number 1 
designates a compressor in the air conditioner for compress- 
ing a coolant, a reference number 3 denotes an indoor heat 
exchanger, a reference number 5 designates a throttle device 5 
or a throttle valve, a reference number 7 denotes an outdoor 
heat exchanger. The indoor heat exchanger 3 is placed in an 
indoor unit 9. The outdoor heat exchanger 7 is placed in the 
outdoor unit 11 and operates a cooling operation and a 
heating operation under the control of a four-way valve 13 
whose operation is also controlled by a controller (not 
shown). In other word, the coolant compressed by and 
discharged from the compressor 1, as shown by the solid 
lines in FIG. 2, flows through the indoor heat exchanger 3, 
the throttle device 5, the outdoor heat exchanger 7, and the 
compressor 1. This flow is repeated, namely the coolant 



rality of fins 25 and a plurality of heat exchanger tubes 27 
through which the coolant or the mixture coolant flows and 
which penetrate the plurality of fins 25. These plurality of 
fins 27 has the a one path configuration and the diameter of 
each fin 17 is not more than 6.5 mm. 

In the air conditioner 100 having the configuration 
described above of the preferred embodiment 1 according to 
the present invention, because a coolant is the mixture 
coolant of the coolant R32 and the coolant R125 (or R31/ 
125) in the outdoor heat exchanger side, the saturated 
pressure at 50° C. becomes 300 kPa. Other material char- 
acteristic values of coolants are shown in the following 
Table-2: 



TABLE-2 





T 


SP. 


KLM. 


V.D. 


H.T.C. 


v,c. 


Coolants 


[°c.J 


[kPa] 


[kJ/k g ] 


0sgta3] 


[W/rnK] 


[kg/ms] 


R22 


0 


500 


205 


21.2 


9.5 x icr 2 


2.1 x lO"* 


R22 


10 


680 


197 


28.8 


9.0 x lO" 2 


1.9 x 10" 4 


R32/R125 


0 


810 


243 


28.5 


0.11 


1.7 x 10 - * 


R32/R125 


10 


1100 


229 


39.0 


0.10 


1.9 x 10" 4 



flows circulatcly in the air conditioner for the cooling or 
heating operations. In addition, in the heating operation, the 
coolant discharged from the compressor 1 flows,as shown by 
the dotted lines in FIG. 2. through the outdoor heat 
exchanger 7, the throttle device 5, the indoor heat exchanger 
3, and the compressor 1. This flow is also repeated- 

In the air conditioner of the embodiment 1, a mixture 
coolant of the coolant R32 and the coolant 125 whose 
synthesis composition in the coolant is not less than 80 
weight percents is used. It can be acceptable to use a mixture 
coolant of the coolant R32 and the coolant R125 whose 
synthesis composition in the coolant is not less than 50 
weight percents. 

On the other hand, the indoor heat exchanger 3 comprises 
a plurality of fins 15 and a plurality of heat exchanger tubes 
17 through which the coolant or the mixture coolant flows 
and which penetrate the plurality of fins 15. These plurality 
of fins 17 has the one path configuration and the diameter of 
each fin 17 is not more than 6 mm- In this case, as shown in 
FIG. 3. it can be acceptable to form the plurality of heat 
exchanger tubes 17 in a compressed shape. Both ends of 
each heat exchanger tube 17 are connected to and commu- 
nicated by headers 21. By using partition plate 23 (or divider 
plates) as shown in FIG. 3, the heat exchanger tubes 17 is 
formed by a one path configuration, namely the flow of the 
coolant is not branched in the heat exchanger tubes. In other 
words, the coolant (or the mixture coolant in this 
embodiment) flows only through a one path. 

In addition, as shown in FIG. 4, in an air conditioner 200 
of the embodiment 2 of the present invention, it can be 
acceptable in the present invention that the coolant or the 
mixture coolant flows through the three paths or not more 
than three paths. In this case, the outer diameter of the heat 
exchanger tube 17 is 4 mm. 

Furthermore, as shown in FIG. 5, in an air conditioner 300 
of the embodiment 3 of the present invention, it can also be 
acceptable in the present invention that the coolant or 
mixture coolant flows through a 2-4 paths. In this case, the 
outer diameter of the heat exchanger tube 17 is 4 mm. 

As shown in FIG. 6, the outdoor heat exchanger 7 in the 
air conditioner 100 of the entoodiment 1 comprises a plu- 



where, T is a Temperature, S.P. is a Saturated Pressure, 
E.L.H. is an Evaporation Latent Heat, V.D. is a Vapor 

30 Density, H.T.C is a Heat Transfer Coefficient and V.C. is a 
Viscosity Coefficient. 

Here, Di is the outer diameter of the heat exchanger tube, 
Ni is the number of paths of the heat exchanger tube, li is 
the total length of the heat exchanger tube 17 in the indoor 

35 heat exchanger 3. When the mixture coolant (R32/R125) 
used in the air conditioner of the present invention is 
compared with the conventional fluorocarbon-based coolant 
(R22) in the combined performance index I, the following 
difference between them is obtained; From the equation (4) 

40 described above, 

</(*22)//(J?32/125)) = [(M(R22)/ti(tf32/125)) ■ 
(p(£32/125Vp(/?22)) x 
(W32/125YX</f22)) • 
45 (/»</t327125yP(K22))x 
(m(*22yM(£32/125))] • 
(k(£22Vk(/?32/125)), 

50 where K is [Hi*Li/(Di 3 -Ni 2 )] which has been prescribed. 
By the way, because the vapor temperature of the coolant 
in the indoor heat exchanger 3 is approximately 10° C. 
when the material characteristic value at the temperature of 
10° C. is used, we obtain the following result: 

55 

(M(rt22yM(/f32yi25)>=l.27; 
(p(*32/125yp(/T22)>=1.35; 
(X</B2/125yX(R22))=l.ll; and 
^ (Art32/125Vi>(tf22)>=1.62. 

The rate of the circulating flow amount m between them is 
(m(R22)/M(R32/125)>=1.16. 

By using the results described above, the rate of the total 
or combined performance index I of this embodiment 
65 becomes approximately 3.6. 

Therefore the rate of the total performance index I 
between them is expressed by the following relationship: 
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7(i?22y/(/l32/l25>=3.6-(K(/?22yK(«32/l25)) (5)- this case is also the 2 path hranch flow case, the coolant can 

By using the relationship (5) described above, the rate of x flow smoothly like in the case of the 2-3 path configuration 

between them becomes (k(R22)/k(R32/125))=1/3.6. In case - 

other words, when the mixture coolant (R32/125) is used, Next « we w* 11 discuss the case of the air conditioner 300 

even if k of the mixture coolant (R32/125) becomes 3.6 3 of ^ embodiment 3 as shown in FIG. 5. Because the 

times of the coolant R22, the value of the total performance evaporation temperature of the coolant in the outdoor heat 

index I of the case using the mixture coolant (R32/125) exchanger 7 is approximately 0° C, when the material 

becomes approximately equal to the case using the coolant characteristic values at 0° C described above are used, the 

R22. following results are obtained: 

In a small sized air conditioner (rated output 2.8 Kw), 10 
when the mixture coolant (R32/125) of 60/40 wt % is used, 

and the total length Li of the heat exchanger tube 17 in the (p(R32/i25yp(/j22))=L35; 
indoor heat exchanger is 2,000 mm, the outer diameter Di of 

the heat exchanger tube 17 in the indoor heat exchanger is (X(/Q2/i25yx</Q2)H-n; and 

6 mm, and the number of the path is one, the value k 15 
becomes 218.7, However, when the total performance index 

1 of the small sized air conditioner of the embodiment above The rate of the circulating flow amount m between them 
is compared with the value I of the conventional air condi- becomes 1.19 (=(m(R22)/M(R32/125))). 

tioner using the coolant R22, I(R22)/I(R32/125) becomes By using the results described above, the total or com- 
1.71. Specifically, the total performance index I of the 20 bined performance index I of this case becomes 3.7. 
embodiment is smaller than that of the conventional one. Therefore, the rate of the total performance index I 
however, the total performance of the embodiment becomes between them can be expressed by the following relation- 
higher than that of the conventional case, as clearly ship: 
described above. 

Next, as shown in FIG. 3, when the compressed heat 25 

exchanger tube 17, the mixture coolant (R32/125) of 60/40 /(R22y/(©2/i25)=3.7-(K(i?22yK(/?32/i25)) (6). 
wt %, the heat exchanger tubes of 5 paths (namely, they are 

2 mmx2 mmx5) are used and the diameter Di of each heat B ? usk e ^ relationship (6) described above, the rate of k 
exchanger tube 17 is 2 mm, the number of the paths is 5, and between them becomes (k(R22)/k(R32/125)>=1/3.7. In 
the total length of the heat exchanger tubes is 12,000 mm, 30 other words ' when coolant (R32/125) is used, 
the value k (R32/125) becomes 168. In this case, the number eveQ tf K of me coolant (R32A25) becomes 3.7 times of the 
of the heat exchanger tubes is 12 and these heat exchanger coolant R22, the value of the total performance index I of the 
tubes are connected in series and there is no branch of the case usin g fte mixture coolant (R32/125) becomes approxi- 
flow at a header side of the heat exchanger tubes. matd y ^ t0 to case usin S cooknt R22 - 

Here, the rate of the total performance index between 35 a heat exchanger is made by using that the mixture 

them is as follows: coolant R32/125 of 60/40 weight percent (wt %) is used, the 

outer diameter of the heat exchanger tube 27 is 8 mm or 9.52 

/(«22y/(/r32/i25>^.6x5t.8/i68=LiL ^ ^ yaIue K m2 /125) becomes 109.5 (Do=8 mm) or 

The total performance index I of the embodiment is smaller 65.0 (Do=9.52 mm) and the number No of paths is 1. 

than that of the conventional one using the coolant (R22). In 40 When the values described above are compared with the 

other word, the performance of the air conditioner of the conventional case, the following rate can be obtained: 
embodiment is higher than that of the conventional air 

conditioner. In addition, because there is no branch flow at !(K2ZMtov\2S) F iJ56<p 0 =9S2 mm); and 

the header side, the coolant flow is smoothly branched into /(*22y/(/B;yi25)=o,93(Do=8 mm> 

each heat exchanger tube at points or nodes other than the 45 

header side. Although the value I of the case of Do=8 mm is smaller than 

Next, like the air conditioner 200 as shown in FIG. 4, that of the conventional one, the difference is very small. On 

when diameter Di of the heat exchanger tube 17 in the heat the other hand, when this value I of the case (Do=8 mm) is 

exchanger 3 is 4 mm, the path configuration is the 2-3 path, compared with the conventional case of Do=7 mm and 

the total length of the heat exchanger tube is 20 m, the total 50 No=2, the rate of I(R22)/I(R32/125) becomes 1.37. This 

length of 2 path portion is 16 meters and the length of 3 path case, the performance of the embodiment is increased than 

portion is 4 meters. Thus, when the path configuration is that of the conventional case of Do=7 mm 

changed on the way in the heat exchanger 3, the value When a heat exchanger is made by using that the mixture 

io=(IJ/(I>i 3 xNi 2 )) of each path is calculated, and then the coolant R32/125 of 60/40 weight percent (wt %) is used, the 

sum of the value of each K is obtained, and the summation 55 outer diameter of the heat exchanger tube 27 is 6.35, 

result is multiplied by a cooling operation rated output Hi. although the path configuration is changed on the way of the 

In this case, Hi is 2.8 Kw, the value k is 175+19.3=194.3. heat exchanger tube path, the value k can be calculated by 

The rate of the total performance index I becomes I(R22)/ using the equation of x=Homjo/(Do 3 xNo 2 )), like the case 

(R32/125)=1.01. The total performance of this embodiment of the indoor heat exchanger 3. Therefore, the value K(R32/ 

is approximately equal to the conventional one using the 60 125) becomes 136.6. When this value k(R3 2/125) is com- 

coolant R22. pared with the conventional case (the outer diameter Do=7 

In the case using 2-3 path configuration, because the mm and the path number No=2), the rate (I(R22)/I(R32/ 

coolant flow is first branched into 2 paths and then into 3 125)) of the total performance index I between them is 1.10. 

paths, the coolant can smoothly flow when comparing the Thus, the total performance of the embodiment is greater 

case of the 4 path configuration at the header side. 65 than that of the conventional case. In the number of the paths 

In addition, it can be acceptable to use the 2-4 path in this embodiment, the one path configuration is used in the 

configuration instead of the 2-3 path configuration. Because first half of the heat exchanger tube and the two paths 
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configuration is used in the remained half of the heat 
exchanger tube. In other words, this embodiment has the two 
path configuration in a part of the heat exchanger tube. 
Therefore this embodiment is compared with the conven- 
tional one of the 4 path configuration at the header side, the 5 
coolant can flow very smoothly through the heat exchanger 
tube. 

In addition it can be acceptable to apply the both of the 
indoor and outdoor heat exchange 3 and 7 to a one heat 
exchanger. For example, it can be made an air conditioner 10 
using the mixture coolant of R32/125 of 60/40 weight 
percent (wt %) comprising the indoor heat exchanger 3 
(Dl=6.35 mm) and the outdoor heat exchanger 7 (Do=8 
mm) in a one path configuration (Ni=l and No=l). In 
addition, it can be acceptable to form air conditioners based 15 
on other combinations. 

Furthermore, the present invention provides other cool- 
ants such as a mixture coolant of R23/32/125. a mixture 
coolant of R32/125/Co 2 . a coolant of R32/Co 2 and the like. 

The following Table-3 shows material characteristic val- 20 
ues of the mixture coolant #1 (R23/32/125) of 5/60/35 
weight percent, and the mixture coolant #2 (R32/125/C02) 
of 60/30/10 weight percent at the temperature 10° C as other 
embodiments of the present invention. 
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Where, H.E. is a Heat Exchanger, a reference character 
"o w designates the condition satisfying (4-1) and (402) and 
a reference character "A" denotes the condition satisfying 
(4-3), not (4-2). 

As described in detail, the present invention provides the 
air conditioners of a small-sized type of the embodiments in 
which the number of paths can be decreased, the diameter of 
a heat exchanger tune can also be decreased, a coolant can 
flow smoothly into branched paths without decreasing of 
performance of the air conditioner. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 



TABLE-3 





T 






YD. 


HT.C. 


V.C. 


Coolants 






[kJ/kgl 


[kg/m3J 


[W/mK] 


[kg/ms] 


R22 


10 


680 


197 


28.8 


9J0 x 10" 2 


1.9 x 1Q- 4 


#1 


10 


1140 


231 


38.1 


0.11 


1.4 x KT 1 


#2 


10 


1240 


243 


38.8 


0.12 


1.4 x 10 - * 



Where, T is a Temperature, S.P. is a Saturated Pressure, 
EX.H. is an Evaporation Latent Heat. V.D. is a Vapor 
Density, H.T.C. is a Heat Transfer Coefficient, V.C. is a 
Viscosity Coefficient, #1 is the mixture coolant of (R23/32/ 
125) of 5/60/35 weight percent, and #2 is the mixture 40 
coolant of (R32/125/Co 2 ) of 60/30/10 weight percent. 

In the Table-3, the rate (k#1/kR22) and the rate (k#1/ 
kR22) become 1:4.3 and 1:5.5, respectively, when the rate of 
the total performance index I between the mixture coolants 45 
(I(R22)/(R32/R125)) becomes 1. In this case, the total 
performance of the embodiment is equal to that of the 
conventional one/Thcrcfore this coolant can be used for the 
air conditioner of the present invention. 50 

In addition, in the heat exchanger in the embodiments of 
the present invention, the following conditions (4-1) to(4-2) 
must be satisfied: (4-1) The total length of the heat 
exchanger tube 17 is notchanged greatly; (4-2) Both sides of 55 
paths in the heat exchanger tube, namely the inlet side and 
the outlet side of the heat exchanger tube in each heat 
exchanger are not placed at same side, namely both sides of 
the paths are not positioned only at the inlet side or not ^ 
located only at the outlet side; and (4-3) Any path of the heat 
exchanger tube must be branched at the inlet side or at the 
outlet side, not on the way of the heat exchanger tube. 

The following Table-4 shows the relationships between 65 
the number of paths and the conditions (4-1) to (4-3) 
described above. 



by way of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope of the present 
invention being limited ,only by the term of the appended 
claims. 
What is claimed is: 

1. An air conditioner comprising: 

a compressor for compressing a coolant and for discharg- 
ing said coolant; 

an indoor unit comprising an indoor heat exchanger 
through which said coolant flows; and 

an outdoor unit comprising an outdoor heat exchanger 
through which said coolant flows, 

wherein a saturation temperature of said coolant at 50° C. 
is not less than 2500 kPa. and said indoor heat 
exchanger in said indoor unit satisfies a relationship of 
HixLi/(Di3xNi2)1150, where Hi is a cooling opera- 
tion rated output (kw), Li is a total length (mm) of a 
heat exchanger tube, Di is the outer diameter (mm) of 
said heat exchanger tube, and Ni is the number of paths 
of said heat exchanger tube. 

2. An air conditioner as claimed in claim 1, wherein the 
path of said heat exchanger tube in said indoor heat 
exchanger in said indoor unit has a one path configuration. 

3. An air conditioner as claimed in claim 1, wherein a 
cross section of said heat exchanger tube in said indoor heat 
exchanger in said indoor unit has a compressed shape. 

4. An air conditioner as claimed in claim 1, wherein an 
outer diameter of said heat exchanger tube in said indoor 
heat exchanger is not more than 6 mm. 

5. An air conditioner as claimed in claim 1, wherein an 
outer diameter of said heat exchanger tube is not more than 
4 mm and the number of said paths is not more than 3. 
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6. An air conditioner as claimed in claim 1, wherein an 
outer diameter of said heat exchanger tube is not more than 
4 mm* the number of said paths is 2 at an inlet side of said 
heat exchanger tube and is 4 at an outlet side of said heat 
exchanger tube. 5 

7. An air conditioner as claimed in claim 1, wherein said 
coolant is a mixture coolant of R32 and R125, and a 
synthesis composition rate of said mixture coolant is not less 
than SO weight percent. 

8. An air conditioner as claimed in claim 1, wherein said 10 
coolant is a mixture coolant including R32, and a synthesis 
composition rate of said mixture coolant is not less than 500 
weight percents. 

9. An air conditioner comprising: 

a compressor for compressing a coolant and far discharge 15 
ing said coolant; 

an indoor unit comprising an indoor heat exchanger 
through which said coolant flows; and 

an outdoor unit comprising an outdoor heat exchanger 2Q 
through which said coolant flows, 

wherein a saturation temperature of said coolant at 50° C 
is not less than 2500 kPa, and said outdoor heat 
exchanger in said outdoor unit satisfies a relationship of 
HoxLo/(Do 3 xNo 2 )^60, where Ho is a cooling opera- 25 
tion rated output (kw), U is a total length (mm) of a 
heat exchanger tube, Di is the outer diameter (mm) of 
said heat exchanger tube, and No is the number of paths 
of said heat exchanger tube. 

10. An air conditioner as claimed in claim 9, wherein the 30 
path of said heat exchanger tube in said outdoor heat 
exchanger in said outdoor unit has a one path configuration. 

11. An air conditioner as claimed in claim 9, wherein an 
outer diameter of said heat exchanger tube in said outdoor 
heat exchanger is not more than 6.5 mm 
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12. An air conditioner as claimed in claim 9, wherein said 
coolant is a mixture coolant of R32 and R125. and a 
synthesis composition rate of said mixture coolant is not less 
than 80 weight percents. 

13. An air conditioner as claimed in claim 9, wherein said 
coolant is a mixture coolant including R32, and a synthesis 
composition rate of said mixture coolant is not less than 500 
weight percents. 

14. An air conditioner comprising: 

a compressor for compressing a coolant and for discharg- 
ing said coolant; 

an indoor unit comprising an indoor heat exchanger 
through which said coolant flows; and 

an outdoor unit comprising an outdoor heat exchanger 
through which said coolant flows, 

wherein a saturation temperature of said coolant at 50° C 
is not less than 2500 kPa, 

said indoor heat exchanger in said indoor unit satisfies a 
relationship of HixIi/(Di 3 xNi 2 )^150, where Hi is a 
cooling operation rated output (kw), Li is a total length 
(mm) of a heat exchanger tube, Di is the outer diameter 
(mm) of said heat exchanger tube, and Ni is the number 
of paths of said heat exchanger tube, and 

said outdoor heat exchanger in said outdoor unit satisfies 
a relationship of HoxLo/(Do 3 xNo 2 )^60, where Ho is 
a cooling operation rated output (kw), Li is a total 
length (mm) of a heat exchanger tube, Di is the outer 
diameter (mm) of said heat exchanger tube, and No is 
the number of paths of said heat exchanger tube. 

***** 
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